IntroductIon Resistin is an inflammatory mediator and a potential biomarker in cardiovascular diseases. obJEctIVEs We sought to examine its association with peripheral arterial disease (PAD). PAtIEnts And mEthods We recruited 200 patients with PAD and 100 healthy controls. Patients were divided into 4 subgroups according to the Fontaine classification for PAD, that is, from Stage I to Stage IV. Serum resistin levels were compared between the PAD group and the control group and among 4 PAD subgroups adjusted for selected factors.
IntroductIon Peripheral arterial disease (PAD) is one of the major atherosclerotic manifestations, displaying progressive lipid, inflammatory cells, and fibrous matter accumulation in peripheral arteries, especially in the lower extremities. Primary risk factors are smoking, hypertension, elevated levels of cholesterol and glucose.
1,2 PAD is associated with reduced functional capacity 3 and increased risk of cardiovascular morbidity and mortality. [4] [5] [6] It is characterized by progressive luminal obstruction in the peripheral arteries and may be less related to thrombosis or plaque rupture than myocardial infarction or ischemic stroke. 7, 8 This raises the possibility that factors with anti-atherosclerotic and anti-inflammatory properties, such as some adipokines, may be of particular importance in the treatment of this type of atherosclerosis.
Resistin, an adipokine, was originally discovered in mice in 2001 and named for its ability to resist insulin action. 9 In humans, it is primarily expressed in monocytes and macrophages, but at much lower levels than in adipocytes.
10 Resistin has been found to be predominantly expressed in those inflammatory cells. Moreover, it has been shown to be involved in obesity-related subclinical inflammation, atherosclerosis, and cardiovascular disease.
11 Accumulating evidence has demonstrated the association between high circulating resistin levels and the development of coronary heart disease (CAD), 12 acute coronary syndrome, 13 restenosis in patients undergoing percutaneous coronary intervention, 14 and heart failure.
15 Whether a similar relationship exists for the development of PAD is uncertain. In this study, we compared serum resistin levels in PAD patients with those of healthy volunteers, and investigated whether or not there was an association between serum resistin levels and the severity of PAD.
for each sample were performed in a random order by technicians who were unaware of which group the sample belonged to. statistical analysis All numeric variables were expressed as mean ± standard deviation, and categorical data were expressed as numbers (n) and percentage in parentheses. Data were tested for normal distribution using the Kolmogorov--Smirnov test. Logarithmic (Ln) transformation of serum resistin concentration (ng/ml) was required because the data were not normally distributed. The Student's t test was used for the univariate analysis of normally distributed continuous numerical variables, and the χ 2 test for the categorical variables. Ln-resistin values, according to the health status and PAD stage, were compared using multiple regressions adjusted for sex, age, smoking, history of hypertension, history of CAD, and medications with Bonferroni correction for post-hoc testing. Correlations were assessed by the Pearson correlation analysis. We used a multivariable logistic regression analysis, adjusted for age, sex (male), BMI, smoking, history of hypertension, history of CAD, total cholesterol, and hsCRP to determine the significant factors indicating the presence of PAD. All tests of significance were two-tailed. Statistical significance was defined as P <0.05. The SPSS statistical software (SPSS15.0, Inc., Chicago, Illinois, United States) was used in all statistical calculations.
rEsuLts The clinical characteristics of the study population were detailed in tAbLE 1. In the PAD group, 67.5% of the participants were male and in the control group 54% were male (P <0.01). The PAD group contained a higher percentage of smokers, hypertension patients, and CAD patients compared with the control group (56.5% vs. 48%, P <0.05; 58% vs. 0%, P <0.001; 74.5% vs. 0%, P <0.001; respectively). Age, BMI, total cholesterol, low-density lipoprotein cholesterol, SBP, DBP, and hsCRP levels were higher in the PAD group than in the control group (P <0.05). There were no differences between the 2 groups with respect to high-density lipoprotein cholesterol, triglyceride, or fasting glucose levels (P >0.05). Ln-resistin (ng/ml) was higher in the PAD group than in the control group (1.86 ±0.57 vs. 1.38 ±0.42, P <0.05). In the 4 PAD subgroups, the value of Ln-resistin was significantly lower in patients with Stage I than in any of the other 3 subgroups. Although there was no significant difference between Stage III and Stage IV subgroups, both subgroups had higher Ln-resistin than the Stage II subgroup (FIGurE 1). Meanwhile, the hsCRP level rose as the grade of PAD increased.
The levels of Ln-resistin correlated inversely with the ABPI (r = -0.301, P <0.05; FIGurE 2) and positively with total cholesterol levels (r = 0.228, P <0.01) in PAD patients but not in controls. Moreover, a multivariable PAtIEnts And mEthods Participants The study was conducted on 200 consecutive PAD patients who attended the outpatient department of our institution and who did not receive any revascularization treatment for peripheral arteries. The diagnosis of PAD was confirmed by clinical symptoms or signs, ankle-brachial pressure index (ABPI) of <0.9, and atherosclerotic stenosis or occlusion of the arteries in the lower extremities identified by color Doppler ultrasound, computed-tomography angiography, magnetic resonance angiography, or digital subtraction angiography. All PAD patients were then divided into 4 subgroups according to the Fontaine classification for PAD, 16 i.e., Stage I -asymptomatic; Stage II -intermittent claudication; Stage III -resting pain; Stage IV -ischemic ulcers or gangrene. The control group consisted of 100 healthy volunteers who attended an annual checkup at our hospital. The control participants had no cardiovascular or any other organ system disease, and had normal results in their physical examination, chest radiography, electrocardiogram, echocardiogram, and duplex ultrasonography.
The exclusion criteria were: diabetes mellitus, acute coronary syndrome, decompensated heart failure, cardiomyopathy, valvular heart disease, cerebral stroke, Buerger's disease, severe renal dysfunction (serum creatinine >2.5 mg/dl), active malignancy, chronic liver failure, and autoimmune diseases. The study was approved by the local ethical committee and written informed consent was obtained from all patients.
clinical data Patients' data were collected, including age, sex, body mass index (BMI), smoking habit, systolic blood pressure (SBP), diastolic blood pressure (DBP), cardiovascular disease history, and current medications. SBP and DBP were measured 3 times on the right arm after a 10-minute rest in the supine position using a standard mercury sphygmomanometer and the average reading was calculated. Hypertension was defined as an SBP of greater than 140 mmHg and/or a DBP of greater than 90 mmHg on repeated measurements and/or receiving antihypertensive treatment. CAD was defined as angina and/or electrocardiogram signs of ischemia during the treadmill-exercise test and/or positive findings on coronary angiography.
Laboratory measurements A venous blood sample was collected from each participant under fasting conditions. Fasting blood glucose, total cholesterol, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, triglyceride, and high-sensitivity C-reactive protein (hsCPR) levels were recorded. Resistin levels were measured by an enzyme-linked immunosorbent assay (ELISA) using commercially available kits (R&D systems Inc., Minneapolis, MN, United States). The intra-assay and interassay coefficients of variation were 5.1% and 8.6%, respectively. All tests biomarker in cardiovascular diseases, especially in CAD and heart failure. On the one hand, human clinical studies displayed an association between CAD or its equivalents and either increased circulating resistin levels or local resistin expression. On the other hand, in vitro studies displayed the proatherogenic effects of resistin on endothelial cells, smooth muscle cells, and monocytes or macrophages. Furthermore, animal studies have proved the existence of a causal relationship between resistin and atherosclerosis progression.
17 However, there was little data on the relationship between resistin and PAD, which has many features characteristic of a pathobiological process akin to CAD, including chronic inflammation, endothelial dysfunction, lipoprotein deposition, smooth cell dysfunction, and altered fibrin clot formation/degradation, 18 which is why we designed this study to investigate the relationship between resistin and the extent of PAD. However, our study was a clinical observation and did not explore the mechanisms by which resistin levels were increased in PAD patients. Nevertheless, logistic regression analysis identified smoking (OR, 1.318; 95% CI, 1.159-1.947; P <0.05), total cholesterol (OR, 1.407; 95%CI, 1.212-3.754; P <0.01), and resistin levels (OR, 1.237; 95% CI, 1.086-1.396, P <0.01) as independent factors associated with the presence of PAD (tAbLE 2). dIscussIon In the current study, we demonstrated significantly higher Ln-resistin and hsCRP levels in patients with PAD compared with healthy controls. In addition, among the 4 PAD subgroups, the value of Ln-resistin in the Stage I subgroup was the lowest, and the Stage II subgroup had lower Ln-resistin than the Stage III or IV subgroups, which suggested that Ln-resistin levels increased together with the severity of PAD. Finally, a multivariate analysis showed that the Ln-resistin level was an independent risk factor for PAD. To our knowledge, this is the first report showing the relationship between resistin and PAD severity.
Recent clinical research and in vitro experiments have supported the concept that resistin is an inflammatory mediator and a potential Abbreviations: ABI -ankle-brachial pressure index, ACEI -angiotensin-converting-enzyme inhibitor, ARB -angiotensin II receptor blocker, ASAacetylsalicylic acid, BMI -body mass index, CAD -coronary artery disease, CCB -calcium channel blocker, DBP -diastolic blood pressure, HDLhigh-density lipoprotein, hsCRP -high-sensitivity C-reactive protein, LDL -low-density lipoprotein, Ln-resistin -logarithmic transformation of serum resistin concentration, PAD -peripheral arterial disease, SBP -systolic blood pressure PAD is a distinct atherosclerotic syndrome marked by stenosis or occlusion of the arteries, particularly of the lower extremities. Insulin resistance and chronic inflammation have both been implicated in the development of PAD. The first study illustrating the association of PAD and insulin resistance was a cross-sectional study published in 2008 using the National Health and Nutrition Examination Survey, which reported that insulin resistance was strongly and independently associated with PAD and the presence of insulin resistance attenuated the association of inflammation with PAD. 19 In that study, PAD was diagnosed if either leg had an ABPI of ≤0.90. Recently, a study of elderly adults within the Cardiovascular Health Study demonstrated similar findings: insulin resistance was associated with the development of PAD assessed both by the development of a low ABPI and clinical PAD. 20 Since resistin was first described in 2001, it was gradually concluded that resistin played an important role in insulin resistance and obesity in diabetic mouse models based on a number of experiments. 9,21,22 Although human resistin is only 59% homologous to mouse resistin at the amino acid level, 23 which highlights the limitations of using a mouse model to study human metabolism, a growing number of studies has shown a positive correlation between obesity, insulin resistance, and elevated serum resistin in humans. Sheng et al. 24 found that resistin was expressed in human hepatocytes with induced insulin resistance. A study performed on 176 obese children and 88 healthy children in China showed that resistin not only played a direct role in metabolic syndrome, but also indirectly contributed to early atherosclerosis in obese children via insulin resistance and hsCRP. 25 A high inflammatory burden has been observed in the development of PAD. 26 In our study, we observed that the levels of hsCRP, which is a well-known and sensitive marker for prediction of the degree of systemic inflammation, were higher than those in healthy controls and were associated with the severity of PAD. As resistin is expressed by macrophages in response to inflammatory stimuli in humans, 17 it has been the object of intense clinical research that has generally shown high levels of resistin in several atherosclerotic diseases. It was reported that plasma resistin and interleukin-6 concentrations increased significantly in patients with ischemic heart disease with and without diabetes, which indicated there was a possible role of resistin and interleukin-6 in inflammatory processes, especially in atherosclerosis.
27 Based on their finding of increased resistin levels being related to inflammation and endothelial activation, Maggio et al. 28 hypothesized that interventions aiming to diminish resistin expression might slow down atherogenesis in adolescents. In a recent review, Jamaluddin et al.
29 summarized that resistin was involved in pathological processes leading to cardiovascular diseases including inflammation, our results are in line with the viewpoint that resistin plays an important regulatory role in atherosclerosis progression. endothelial dysfunction, thrombosis, angiogenesis, and smooth muscle cell dysfunction. We found a positive association between Ln-resistin and total cholesterol. An earlier study demonstrated that resistin directly affected the metabolism of fatty acids by increasing cholesterol esterification into lipids. 30 Moreover, there were some reports showing that some drugs, such as statins and antidiabetic drugs, might alter the concentration of resistin, 29 so we also applied adjustments for our PAD patients' medications when we compared the levels of Ln-resistin. Additionally, in our multivariate analysis, we identified smoking, total cholesterol, and Ln-resistin as independent risk factors for PAD, which was partly consistent with earlier reports. A well-characterized and prospective study of 44,985 men in the United States with more than 2 decades of follow-up showed that smoking, hypertension, hypercholesterolemia, and type 2 diabetes accounted for the majority of risk associated with the development of clinically significant PAD. 31 Our observations are promising and prompt further research into robust biomarkers to identify the underlying signaling pathways in PAD.
Our study has several limitations, one of which was the cross-sectional design. Although cross-sectional studies can measure associations, they are not able to prove causality. It would have been ideal to have obtained serial follow-ups and resistin levels in our study to prove causality. Second, our sample size was relatively small, and this study may not be representative of the general population or the community-based population. Third, we have to admit that our case-control study being not age-and sex-matched was faulty, and this lessened its reliability to a certain extent.
conclusions Our study demonstrated that Ln-resistin values are increased in PAD patients. There was a significant difference among the different PAD-grade subgroups. Furthermore, in a multivariate analysis, the Ln-resistin level was an independent predictor of PAD. It would be necessary to carry out large and long-term prospective studies to confirm that serum resistin is a prognostic biomarker for the extent of PAD, as in other forms of clinically overt atherosclerosis. 
